The aim of this study was to characterize the effect of heat denaturation on Immunoglobulin G (IgG) and Lactoferrin (LF) in yak milk and colostral liquid whey at medium acidic conditions in presence of protectants (CaCl 2 ; Glycerol and Sodium Dodecyl Sulphate -SDS). Results indicated significant (P < 0.05) heat stability improvement of IgG and LF in liquid whey samples at medium acidic and temperature (72 -90 o C) with less precipitates formation regardless of type of protectants added especially at pH 3.5 and 4.6. The mean concentration values for IgG percentage reduction (72 -90 o C; pH 3.5 -5.5; protectants) ranged from 6 to 26% and 15 to 31% in yak milk and colostral liquid whey, respectively. The percentage of heat denaturation effect for LF ranged from 11 to 32% and 14 to 38% in yak milk and colostral liquid whey, respectively. Application of glycerol in both environmental processing conditions was the most effective in heat stability improvement followed by SDS and CaCl 2 .
INTRODUCTION
Yaks (Bos grunniens) are bovine species which are highly distributed at high altitudes ranging from 2000 -4500m, extremely cold (as low as -40°C), hypoxia environments and at atmospheric pressure of 550 hPa (Dong et al. 2007) . China is the largest producer of yaks in the world, with approximately 14.7 million, constituting to more than 95% of world yaks with annual yield of about 70,000 tonnes of milk (Zhong et al. 2006) . However, the yield of yak milk is low ranging from 147 to 487 kg per lactation period, compared to cow's milk, yak milk contains high content of proteins (4.9 -5.3%), total solids (16.9 -17.7%), fat (5.5 -7.2%), lactose (4.5 -5.0%) and minerals (0.8 -0.9%) (Dong et al. 2007; Li et al. 2010; Nikkhah, 2011) .
Industrially, whey proteins are considered as important food ingredients due to their wide range of functional properties such as solubility, viscosity, gelation, emulsification, and foaming as well as physiological and high nutritional values. On the other hand, minor whey proteins particularly IgG, LF, lysozymes and Lactoperoxidase (LPO) exhibits antimicrobial activities against microorganisms. However, whey proteins are thermal labile, they undergo denaturation and aggregation depending on composition and environmental processing conditions (temperature, pH, ionic strength, salts, protein composition/matrices). Hence, heat treatment might limit the application of whey proteins in some food products, particularly those with pH closer to the isoelectric point (pI) (Bryant and McClements, 1998) .
Whey proteins have been used as ingredients to manufacture protein-rich foods to serve as alternative to dairy products. Unfortunately, processing of milk at high temperatures, may lead to denaturation and aggregation of whey proteins especially minor proteins which are more sensitive to heat than their major counterparts. Sedimentation and high turbidity have been observed in heat treated beverage products composed of whey proteins at pH 4.0 -5.5 (Etzel, 2004; LaClair and Etzel, 2009; . Therefore, it is vitally important to minimize the effect of heat during processing so that consumers benefit from dairy foods rich in whey protein particularly IgG and LF.
Heat stability of whey proteins has been improved by modifying environmental processing conditions such as pH, salt/sugars, ionic strength, temperature-time, or use of different protectants in isolated whey proteins. Several studies reported that IgG molecular structure and functional properties are sensitive to temperatures above 65 o C (Vermeer and Norde, 2000; Indyk et al. 2008) . In order to study heat stability improvement of liquid whey from yak milk and colostrum, liquid whey samples were extracted and heated at 72 o C/15sec or 90 o C/5min at various pH ranging from 3.5 -5.5 in absence or presence of protectants (CaCl 2 , SDS and glycerol). Therefore, the main objective of this study was to investigate the heat stability improvement of antimicrobial whey proteins (IgG and LF) at various pH levels and protectants in liquid whey extracted from fresh yak milk (normal milk) and colostrum.
MATERIALS AND METHODS
Sample collection: Raw yak milk and colostrum samples were collected from different farmers (Gannan CountyGansu provinces, China). Samples were collected from 40 yaks (20 yaks for normal milk and 20 yaks for colostrum). The samples (100 mL each) were aseptically taken into sterile sampling plastic tubes, stored in a cool box with ice-packs in order to keep the temperature between 4 -5 o C before transported to the laboratory. In the laboratory, all samples were ultra-frozen to -80 o C in an ultra-low temperature freezer (Haier-Biomedical, China) awaiting analysis.
Reagents: Bovine standard ELISA kits for IgG and LF were purchased from Shanghai ML bio Biotechnology Co. Ltd (Shanghai -China). A Coomassie (Bradford) protein assay kit, BSA standards for total protein analysis and protectants (CaCl 2, purity > 96%; SDS, purity > 97% and Glycerol, purity > 99%) were purchased from Sangon Biotech (Shanghai, China). Other analytical grade chemicals were purchased from Sigma Aldrich (St Louis, MO, China).
Liquid whey sample preparation: Frozen milk / colostrum samples were defrosted in ice water bath, followed by running tap water. The pH of yak milk and colostrum samples (40 mL) were measured and then defatted by using centrifuge (Biofuge stratus centrifuge, Thermo, Germany) at 5000 rpm for 15 min at 4 o C. Then skimmed yak milk/colostrum samples were adjusted to pH 4.6 (pH meter 55, Martini instruments, Mauritius) using 1M HCL or NaOH. Thereafter, skimmed samples were warmed in a water bath (Julaba F12, Germany) at 40 o C for 30 min to facilitate coagulation followed by centrifugation at 5000 rpm for 15 min at 4 o C. A portion of liquid whey samples (1.5mL) obtained was further centrifuged at 17,000 rpm for 30 min at 4 o C to clarify the supernatant. Liquid whey supernatant samples were refrigerated at 4 o C (Ronshen, BCD-209YMB, China) for short time (within a day) or frozen at -18 o C (Sanyo Medical Freezer, Japan) for long term storage before analysis (Chen et al. 2000) .
Heat treatments: At each pH level, 15 mL liquid whey samples from either yak colostrum or milk were randomly selected from five individual yaks (3mL) each to make one homogenous sample. The homogenous liquid samples were then adjusted to respective pH values (pH 3.5, 4.6 and 5.5) using 1M HCL or NaOH. Thereafter, 5.0 mL liquid whey supernatant samples were used for heat treatments. For each pH level, the samples were divided into three groups: (1) control sample (2) sample without protectant to be subjected to heat treatment, and (3) sample with protectants (CaCl 2 -0.006g/5mL; SDS -0.08g/5mL and glycerol -20% v/v) to be subjected to heat treatment. Liquid whey samples were heated at 72 o C/ 15sec and 90 o C/5min using a digital temperature controlled water bath (Julaba F12, Germany), with occasionally stirring. Thereafter, heat treated samples were rapidly cooled on iced-water to stop heat denaturation (Chen et al. 2000; Etzel, 2004) . Finally, 1.5 mL heat treated samples were transferred into eppendorf tubes and centrifuged at 10,000 rpm for 15 min at 4 o C to remove any denatured proteins. For temperature monitoring purposes, a thermometer was inserted in one extra sample for each heat treatment. All treatments were carried out in duplicate.
Protein denaturation calculation:
Heat stability (proteins retained) was expressed using the following equation:
% Heat Stability =
Proteins denatured (%) = 100 -heat stability (%) Total whey proteins assay: Total whey proteins (TWP) was assayed using a modified Bradford (1976) assay principles and applied as per kits manufacture instructions. The absorbance was measured at a wavelength of 595nm using a microplate reader (Multiskan FC, version 1.00.96, Finland). The standard calibration curve was prepared using BSA standard (10 -150 µgmL -1 ) to quantify TWP in each sample.
Determination of IgG and LF concentration:
The concentration of IgG and LF in yak milk and colostral liquid whey were quantified using Enzyme -Linked Immunosorbent Assay (ELISA) technique as described by Kummer et al. (1992) and applied as per kits manufacturers' instructions. After arresting the reaction, samples were assayed using microplate reader (Multiskan FC, version 1.00.96, Finland) by reading absorbance at 450 nm. Standard calibration curves were generated to quantify IgG and LF using bovine IgG (5 -80µgmL -1 ) and LF (50 -800µgL -1 ) standard concentrations, respectively. The same technique also was used to quantify major whey proteins (-Lg, -Lac and BSA) using their respective standards. All samples were analysed in duplicate.
Statistical analysis: Statistical analysis was performed using Statistical Package for the Social Sciences, V 16.0 (SPSS, IL, USA). Three measurements were recorded and results were reported as means ± SD. Differences among samples were tested using analysis of variance (ANOVA). Least Significant Difference (LSD) and Duncan's Multiple Range test were used as post-hoc tests when the analysis of variance indicated significant differences in the means at a significance level of P < 0.05.
RESULTS AND DISCUSSION Composition of whey proteins:
The average pH of yak colostrum was approximately pH 6.4, while for normal milk ranged from pH 6.6 to 6.9. Analysis of liquid whey composition showed that yak colostrum had significantly higher IgG and LF content than milk (data not shown . Furthermore, the mean TWP content were 74.75 and 6.50 mgmL -1 in yak colostrum and milk, respectively. In this work, the discussion on the effect of heat denaturation focused only on antimicrobial proteins (IgG and LF) in liquid whey.
The IgG concentration in liquid whey obtained from yak milk and colostrum were in agreement with literature for bovine milk (0.70 -1.0 mgmL -1 ) and colostrum (40 -200 mgmL -1 ). In addition, the average LF concentration also were in agreement as reported in bovine colostrum and milk whey proteins (Korhonen et al. 2000; Sheng et al. 2008) . The TWP was significantly higher (P < 0.05) in yak colostrum than in milk as attributed to high concentrations of IgG in colostrum.
Effect of heat on IgG and LF concentration in liquid whey without protectants:
To investigate the influence of protectants (CaCl 2 , SDS and glycerol) for heat stability improvement; a parallel experiment on liquid whey samples without protectants was conducted for comparison reasons. Table 1 shows results of mean IgG concentration in liquid whey from yak milk and colostrum heated at various pH levels, with or without protectants. Heat treatment at 72 o C/ 15sec and 90 o C/5min (pH 3.5 -5.5) without protectants significantly reduced (P < 0.05) IgG concentration in both yak milk and colostral liquid whey. The heat denaturation percentage ( Fig. 1A and B) increased with pH increase by 17.32% (pH 3.5), 21.34% (pH 4.6) and 28.62% (pH 5.5) at 72 o C/ 15sec in liquid whey from yak milk. More heat denaturation effect was also observed as the temperature increased to 90 o C/5min, whereby milk IgG was denatured by 32.07% (pH 3.5), 35.05% (pH 4.6) and 55.29% (pH 5.5).
Although both samples exhibited IgG denaturation, reduction was more pronounced in yak colostral liquid whey than in normal milk whey (Fig. 1A and B) . The IgG denaturation percentage showed that heating (72 o C/15sec) yak colostral liquid whey at pH 3.5 -5.5 reduced the IgG concentration by 19.28 -37.56%. The IgG concentration was even more reduced at 90 o C/5min, by 44.96 -58.97% IgG at pH 3.5 -5.5.
On the other hand, LF concentration in liquid whey also was significantly denatured as the function of temperature and pH ( Fig. 2A and B) . The mean LF concentration in yak milk liquid whey at 72 o C/ 15sec was reduced by 20.27% (pH 3.5), 24.53% (pH 4.6) and 34.46% (pH 5.5), while, LF denaturation percentage in yak milk liquid whey reduced by 40.80 -58.65% at 90 o C/ 5min (pH 3.5 -5.5). However, slightly more reduction of LF concentration in yak colostral liquid whey was observed (43.21 -60.64% at 90 o C/5min, and 26.48 -44.74% at 72 o C/ 15sec) treated at pH 3.5 to 5.5.
The decrease of IgG and LF content in liquid whey from yak milk and colostrum during heat treatment indicated that, heat treatment denatured whey proteins depending on the extent of temperature, pH level and composition matrices. The results obtained are in agreement with other previous observations on thermal denaturation of whey proteins either in isolated, admixture form or in skimmed milk (Mainer et al. 1997; Dissanayake, Ramchandran, Donkor et al. 2013; Dissanayake, Ramchandran, Piyadasa et al. 2013) . Different methods have been applied to study heat stability of bovine IgG in different matrices. Studies reported that IgG structural and functional properties are thermal sensitive at temperatures above 65 o C (Vermeer & Norde, 2000; Indyk et al. 2008 that lead to loss of its immune-activity (Li-Chan et al. 1995) . Chen & Chang (1998) and Chen et al. (2000) reported reduction of IgG concentration in isolated form by 40% at 75 o C for 5 min, while the protein was completely denatured to undetactable level at 95 o C for 15 sec in PBS.
Thermal denaturation process of IgG is initiated by reversible unfolding of the native structure by loosing its globular configuration. Depending on environmental processing conditions (pH, ionic strength, salts/sugar, and temperature-time) irreversible denaturation and aggregation through hydrophobic and disulphide interrations may occur. However, antigen-binding sites are more sensitive to heat compared to other parts of the IgG molecule (Dominguez et al. 2001; Indyk et al. 2008) . According to Vermeer and Norde, (2000) it has been observed that, fragments of IgG molecules (Fab and Fc) have different denaturation sensitivities. Fab fragment is more sensitive to temperature (61 o C) than Fc fragment (71 o C). However, the Fc fragment is more sensitive at low pH values (pH < 3.5) compared to Fab fragment.
Whey protein constitutes major and minor protein components; whereas, at least 50% is dominated by -Lg which determines the extent of heat denaturation and aggregation process. Both -Lg and BSA have one free sulfhydryl (-SH) group (Havea et al. 2001) . In other words, the extent of whey proteins denaturation and aggregation is influenced by unfolding of globular -Lg which leads to loss of globular configuration whereby unfolded molecules irreversibly forms protein complexes via hydrophobic and disulphide interactions. Availability of other whey proteins in solution extends further propagation steps that contribute to denaturation of other whey protein components (Havea et al. 2001) . It can be presumed that presence of -Lg, -Lac, and BSA facilitated heat denaturation of IgG and LF during heat treatment of yak milk/colostral liquid whey. It was also observed that, IgG and LF in liquid whey were less denatured when heated at lower pH which is far away from pI, this phenomena is in agreement with other studies in pure whey proteins (Dissanayake, Ramchandran, Piyadasa et al. 2013) . In general, at low pH, strong hydrogen bonds forms protein networks which inhibits activation of thiol group and monomer repulsive electrostatic interactions during unfolding and aggregation processes (Sreedhara et al. 2010 ). According to Wakabayashi et al. (2006) reported heat stability of bovine LF in acidic conditions with minimal aggregation in solutions for 5 min at 80 to 120 o C compared to neutral pH. In addition, heat stability of LF has also been reported to vary based on whey protein concentration and composition of either apo (Iron depleted LF) or holo (iron binding/saturated LF) forms as well as environmental processing conditions such as pH, ionic strength and salt. However, in both forms of LF (apo and holo LF) are more heat stable in PBS than in milk, indicating that heat denaturation of LF is influenced with other protein components (Sa'nchez et al. 1992) . Furthermore, Bokkhim et al. (2013) o C/15sec; pH 5.5 while control samples (without protectants) was denatured by 37.56% at the same conditions. Addition of protectants in yak milk or colostral liquid whey at pH 3.5 and 4.6 significantly improved heat stability of IgG with minimal sediments compared to samples heated without protectants (Table 1) . Table 2 shows the results of LF concentration for yak milk and colostral liquid whey at pH 3.5, 4.6 and 5.5 with or without protectants, heated at 72 o C/ 15sec or 90 o C/5min. Heat stability of LF in liquid whey with protectants at pH range 3.5 -5.5 in both yak milk and colostral liquid whey was significantly improved. However, slightly higher denaturation effect was observed at 90 o C/ 5min; pH 5.5 compared to heating at low pH (3.5 and 4.6). Figure 2A and B indicates the LF percentages denatured during heating (72 o C /15 sec or 90 o C/ 5min; pH 3.5 -5.5) with or without protectants. The study indicated a significant difference (P < 0.05) on LF content retained between liquid whey samples heated with or without protectants. It was observed that heat stability of LF in liquid whey was improved regardless of type of protectant used. At pH 3.5 and 4.6, with addition of protectants (CaCl 2 , SDS and glycerol), heated at 72 o C/ 15sec reduced the LF concentration (a,b,c,d,e) within the same column indicate significant difference between heat treatments (P < 0.05).
Influence of protectants on heat denaturation of LF in liquid whey at various pH levels:
-Each value is the average of two determinations.
-All pH tested (calculated as percentage denaturation) were significant different.
in yak milk liquid whey by 11.36 -18.23%. However, samples heated without protectants (pH 3.5 and 4.6) showed more reduction of LF concentration in yak milk liquid whey (20.27 -24.53%). Furthermore, heating yak milk liquid whey (72 o C/15sec; pH 5.5; with protectants) reduced LF concentration by 17.91 -25.01% compared to control samples (without protectants) which reduced LF concentration by 34.46%. High denaturation effect of LF was observed at 90 o C/5min in both yak milk and colostral liquid whey when heated without protectants. LF concentration in yak milk and colostral liquid whey (pH 3.5 -5.5; without protectants) heated at 90 o C/ 5min was denatured by 40.80 -58.65% and 43.21 -60.60%, respectively. However, addition of protectants reduced heat denaturation effect by 20.25 -31.55% in yak milk liquid whey, while 22.45 -37.78% LF concentration reduction was observed in yak colostral liquid whey when heated under the same conditions (90 o C/ 5min; pH 3.5 -5.5; with protectants).
Generally, these results indicated that LF was more heat sensitive than IgG even when protectants were added in liquid whey under the same conditions. In comparison among protectants (CaCl 2 , SDS and glycerol) indicated no significant differences in protecting LF from yak milk and colostrum liquid whey. However, glycerol was slightly more effective in improving heat stability followed by SDS and finally CaCl 2 .
Influence of protectants on heat stability of IgG and LF in liquid whey at various pH levels: Since yak milk/ colostral liquid whey composed mixture of protein components, which means possessed different amino acids, structures, and properties. Therefore, indirectly control of heat denaturation effect on minor whey proteins can be achieved by inhibiting denaturation of dominant whey proteins. The study revealed significantly (P < 0.05) less heat denaturation percentage of IgG and LF content in liquid whey at acidic conditions (pH 3.5 and 4.6) under lower temperature than at pH 5.5 and high temperature regardless of protectant type used.
Due to the differences in denaturation temperature of individual whey protein components, the amount of proteins retained in the final product after heat treatment may varies. Havea et al. (2001) demonstrated that, heat treatment of mixed whey protein components denatured at lower temperatures than at their standard denaturation temperatures in isolated form. It has been documented that denaturation temperatures for -Lg, -Lac and BSA in admixture whey protein are 78, 62 and 64 o C, respectively (Havea et al. 2001) . Furthermore, heating mixed whey protein components above 80 o C causes to form a mixture of monomers, disulfide-bonded dimmers or blended proteins, probably due to free SH from  -Lg and BSA. For example, Boye and Alli (2000) previously reported denaturation temperature of  -Lg decreased from 71.9 to 69.1 o C when mixed with -Lac.
The study observed less heat denaturation effect on IgG and LF in the presence of glycerol in liquid whey as a thermal protection measures against heat (Fig. 1A & B and Fig. 2A & B) . This observation was in line with previous studies, which also observed that addition of 20% glycerol increased heat stability of separated IgG in PBS and bovine colostrum whey at 70 -80 o C (Chen & Chang 1998; Chen et al. 2000) . In addition, using sugars (fructose, maltose, sucrose, lactose, glucose, and galactose) and sugar alcohol (sorbitol) also reported to improve heat stability of IgG (Chen & Chang, 1998) . Furthermore, Baier et al (2004) observed an improvement on heat stability of BSA at pH 7.0 by glycerol.
Glycerol has been used to improve heat stability of pure whey proteins due to its ability to strengthen proteinprotein interactions especially at low temperatures by reduces the rate of protein-protein collisions that resulting to raise denaturation temperatures (Timasheff, 1998) . Depending on glycerol concentration, it can enhances an increase of liquid whey viscosity which in turn reduces the protein-protein interactions (Baier et al. 2004) . For example, Chanasattru et al. (2007) observed that, addition of sorbitol and glycerol raised the denaturation temperature of  -Lg from 74 to 86 o C and 76 o C, respectively.
Addition of SDS in liquid whey at various pH levels has significantly reduced heat denaturation effect on IgG and LF (Fig. 1A & B and Fig. 2A & B) . According to Dissanayake, Ramchandran, Piyadasa, et al. (2013) , addition of SDS minimized heat denaturation effect at lower pH (pH 3.0) than at high pH (pH 6) due to prevention of non-covalent interactions formation except at high temperature (> 90 o C). Similarly, Giroux & Britten (2004) found that addition of 80 µmol/g SDS/protein ratio at pH 4.8 significantly increased heat denaturation temperature from 71.6 to 85.0 o C in WPI.
SDS (anionic surfactant) is one of free SH blocking reagents used to prevent protein aggregation and stabilizes the native protein structure during heating (Boye and Alli, 2000; Considine et al. 2005) . The classical modes on how SDS molecules interact with proteins to improve heat stability in protein structures have been demonstrated by several studies. The modes are categorized in three stages: specific binding, non-cooperative binding and cooperative binding. In essence, the high-affinity of SDS is strongly binds to specific native protein sites at the surface via interactions between the sulphate group and positively charged amino acid side chains (such as Lysine, Arginine, Histidine) (Magdassi et al. 1996; Giroux and Britten, 2004) . Depending on environmental processing conditions, SDS-protein complex formed will influence the extent of heat stability of proteins. According to Giroux and Britten, (2004) , at low pH, SDS raises the number of residues which are positively charged and propelled to react more with proteins that neutralizes the protein charges.
However, high concentration of SDS reported to facilitate denaturation and aggregation of whey proteins. Once specific binding sites are saturated, any continual addition of SDS forms clusters which initiates unfolding of proteins. According to Kumar et al. (2015) , denaturation of whey proteins by SDS depends on hydrophobic tail length, the SDS micellation characteristics (critical micelle concentration), surface charges and conformation stability of the whey proteins. Giroux and Britten (2004) demonstrated that, high SDS concentration (> 80 µmol/g SDS/protein ratio) leads to aggregation and precipitation of proteins due to electrostatic repulsion between SDS molecules linked to proteins or hydrophobic bonds of surfactants (SDS) which penetrate the apolar part of the proteins and influence unfolding of the tertiary structure. For example, Boye et al. (2004) observed that, 50mM SDS denatured -Lg while 10mM SDS improved heat stability of -Lg A and B. Also, addition of 16 gL -1 food grade Lauryl Sulphate reported to prevent aggregation and sediments in heated high protein beverage (Etzel, 2004) . In addition, Brisson et al. (2007) studied the effect of heat on isolated LF (80 o C at neutral pH) and observed that, denaturation and aggregation is influenced by non-covalent interaction between molecules such as disulphide bonds while hydrophobic interactions is blocked by SDS and Nethylmaleimide (NEM).
Application of CaCl 2 in yak milk and colostral liquid whey showed less improvement on heat stability of IgG and LF especially at pH 5.5 compared to heat denaturation percentage at pH 3.5 and 4.6 with reference to glycerol and SDS. Precipitates were observed on samples heated particularly at pH 5.5, but not at lower pH (pH 3.5). This effect was probably influenced by heat processing to pH close to the pI of -Lg. It was observed that addition of CaCl 2 followed by heating at pH 5.5 induced more protein denaturation and aggregation which were removed during the centrifugation step.
The impact of CaCl 2 on heat stability has been extensively studied in isolated proteins and/or in a mixture of whey proteins. Calcium ions may improve heat stability of whey proteins by either (1) formation of calcium bridges (protein-Ca 2+ -protein complexes), (2) intra-molecular electrostatic shielding of negative charges and (3) hydrophobic cross-linking due to ion-induced conformation changes at elevated temperatures (Simons et al. 2002; Stãnciuc et al. 2012) . Calcium ions are able to bind and stabilize both native and partially denatured proteins. Denaturation or aggregation of whey proteins due to CaCl 2 is related to initial concentration and added CaCl 2 which binds to available sites (carboxylates) at high concentration which forms aggregates (Simons et al. 2002; Riou et al. 2011 ). As explained above, CaCl 2 influences ionic strength by weakening electrostatic repulsion which is more pronounced at higher pH (negative charges) that lead to aggregation of proteins during heating.
To the best level of our knowledge there is no/ limited studies that have reported the effect of heat denaturation on IgG and LF content in liquid whey (composed major and minor whey proteins) from yak milk and colostrum followed by heat stability improvement study using protectants at various pH levels.
CONCLUSION
Heat denaturation effect of IgG and LF from fresh yak milk and colostral liquid whey increased with temperature, pH as well as proteins concentration. The combined technique to improve heat stability was significantly successful achieved by addition of low concentration of protectants at medium acidic conditions. It can be concluded that addition of glycerol at pH 3.5 -5.5 was more effective in protecting IgG and LF in liquid whey followed by SDS and CaCl 2 . Further studies on heat stability improvement using protectants on purified/separated IgG and LF from yak milk and colostrum to confirm the effect of heat in microstructure/ morphologies of whey proteins in advanced /specialized instruments, which will enable Food Scientists/Technologists to design more appropriate conditions for industrial application, are suggested.
